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
,QWHUQDWLRQDO&RQIHUHQFHRQ0HFKDQLFDODQG(OHFWURQLF(QJLQHHULQJ
7KH5HVHDUFKRQ9LGHR5HWULHYDO%DVHGRQ&RQWHQWIRU
,QGXVWULDO$SSOLFDWLRQV
/X:HL\DQ:DQJ:HQ\DQ
*XDQJ[L1RUPDO8QLYHUVLW\IRU1DWLRQDOLWLHV&KRQJ=XR&KLQD
&ROOHJHRI(OHFWURQLF(QJLQHHULQJ*XDQJ[L1RUPDO8QLYHUVLW\*XLOLQ&KLQD

$EVWUDFW
9LGHRUHWULHYDOKDVEHHQZLGHO\XVHGDQGEURDGSURVSHFWVIRUGHYHORSPHQWLVFXUUHQWO\DKRWUHVHDUFKILHOGRIPXOWLPHGLD
)URPWKHDQDO\VLVRIFRQWHQWEDVHGYLGHRUHWULHYDOV\VWHPVWUXFWXUHWRIXOO\H[SORUHWKHV\VWHPVWUXFWXUHLQYROYHGLQWKH
FRQVWUXFWLRQRIWKHYLGHRVKRWFXWGHWHFWLRQNH\IUDPHH[WUDFWLRQFRQVWUXFWLRQVFHQHVIURPWKHYLGHRVWUHDPRUJURXSRI
WHFKQRORJ\ IHDWXUH H[WUDFWLRQ WHFKQRORJ\ DQG YLGHR UHWULHYDO EURZVLQJ DQG UHWULHYDO IHHGEDFN WHFKQLTXHV IRFXVHG RQ
DQDO\]LQJVRPHRIWKHNH\WHFKQLFDODGYDQWDJHVDQGGLVDGYDQWDJHVRIYDULRXVLPSOHPHQWDWLRQVDQGLQWURGXFHGVRPHQHZ
WHFKQLFDOPHWKRGV)LQDOO\ZHPDGHDQXPEHURILVVXHVUHTXLUHGIXUWKHUVWXG\

3XEOLVKHGE\(OVHYLHU%9
6HOHFWLRQDQGSHHUUHYLHZXQGHUUHVSRQVLELOLW\RI,QIRUPDWLRQ(QJLQHHULQJ5HVHDUFK,QVWLWXWH

.H\ZRUGV9LGHR'DWDEDVHV9LGHR5HWULHYDO&RQWHQW/HQV&XW'HWHFWLRQ)HDWXUH([WUDFWLRQ5HWULHYDO)HHGEDFN
,QWURGXFWLRQ
:LWK WKHPXOWLPHGLD WHFKQRORJ\DQG WKHUDSLGGHYHORSPHQWRIQHWZRUN WHFKQRORJ\YLGHR LQPDQ\DUHDV
KDVEHHQZLGHO\XVHG7KHVHYDVWDPRXQWVRIXQVWUXFWXUHG LQIRUPDWLRQDQGFRQWDLQVD ODUJHDPRXQWRIGDWD
RUJDQL]DWLRQH[SUHVVLRQPDQDJHPHQWTXHU\DQGUHWULHYDORIDQXUJHQWGHPDQG
)LUVWYLGHRVWUXFWXUHDQDO\VLV WKHYLGHRVHTXHQFH LVGLYLGHG LQWR WKH OHQVDQG WKH OHQV WRFKRRVH WKHNH\
IUDPHZKLFK LV WRDFKLHYHDQHIILFLHQW V\VWHPRQ WKHEDVLVRI&%95DQGNH\7KHQH[WUDFW WKH OHQV IUDPH
PRWLRQ FKDUDFWHULVWLFV DQG NH\ YLVXDO IHDWXUHV DV D UHWULHYDO PHFKDQLVP LQWR WKH YLGHR GDWDEDVH )LQDOO\
DFFRUGLQJ WR XVHU TXHULHV VXEPLWWHG LQ DFFRUGDQFH ZLWK FHUWDLQ IHDWXUHV IRU YLGHR VHDUFK VHDUFK UHVXOWV
DFFRUGLQJ WR WKHGHJUHHRIVLPLODULW\ WR WKHXVHUZKHQ WKHXVHU LVQRWVDWLVILHGZLWK WKHUHVXOWVRI WKHTXHU\
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UHVXOWV FDQEHRSWLPL]HG DXWRPDWLFDOO\ DFFRUGLQJ WR WKHXVHU WKH IOH[LELOLW\ WRRSWLPL]H WKHYLHZVRI VHDUFK
UHVXOWV
&RQVWUXFWLRQRI9LGHR6WUXFWXUHDQG5HODWHG$OJRULWKP
,QRUGHUWRPDNHGDWDEDVHYLGHRTXHU\EDVHGRQFRQWHQWWKHILUVWWREHFRQVWUXFWHGWRIDFLOLWDWHWKHUHWULHYDO
RIWKHYLGHRVWUXFWXUH9LGHRGDWDFDQIROORZWKHRUGHUIURPFRXUVHWRILQHVWUXFWXUHLVGLYLGHGLQWRIRXUOHYHOV
9LGHRVFHQHOHQVDQGWKHLPDJHIUDPH
/HQV LV WKH EDVLF XQLW RI YLGHR GDWD LW UHSUHVHQWV D VFHQH LQ WLPH DQG VSDFH RQ WKH FRQWLQXRXV DFWLRQ
RSHUDWLRQLVDFDPHUDILOPLQJWKHYLGHRLPDJHDYLGHRGDWDVWUHDPWRDQ\QXPEHURIOHQVHVIRUPHGE\
/HQVFDQVZLWFKLQWZRZD\VPXWDWLRQDQGJUDGXDO0XWDWLRQLVWKHGLUHFWVKHDUIURPDOHQVWRDQRWKHUOHQV
DQGJUDGHGDFFRUGLQJ WR WKHGLIIHUHQW YLGHRHGLWLQJ WHFKQLTXHVFDQEHGLYLGHG LQWR WKUHHNLQGV IDGH )DGH
VXEGLYLGHG LQWR )DGH LQ DQG )DGH RXW PHOW 'LVVROYH DQG VOLGH FKDQJH :LSH *UDGLHQW LV WKH VKHDU
GHWHFWLRQGLIILFXOW
6WUXFWXUHRIWKHHQWLUHFRQVWUXFWLRQSURFHVVYLGHRLQWKHIROORZLQJWKUHHVWHSVH[WUDFWLRQRIWKHOHQVIURP
WKHYLGHRVWUHDPVHOHFWWKHNH\IUDPHVIURPWKHFDPHUDDQGVFHQHVWUXFWXUHIURPDYLGHRVWUHDPRUJURXS
7RH[WUDFWWKHOHQVIURPWKHYLGHRVWUHDPLHWKHYLGHRVWUHDPFXWGHWHFWLRQ
/HQV LV WKH EDVLF XQLW RI YLGHR GDWD YLGHR SURFHVVLQJZRXOG ILUVW QHHG WR DXWRPDWLFDOO\ VSOLW WKH YLGHR
FDPHUD DV WKH EDVLF XQLW RI WKH LQGH[ D SURFHVV FDOOHG VKRW ERXQGDU\ GHWHFWLRQ ,W LV FRQWHQWEDVHG YLGHR
UHWULHYDOVWHSWKHFRUHSURFHVVLQJLVWKHVKRWFXWGHWHFWLRQ
6WUXFWXUHFRQVWUXFWHGLQWKHYLGHRVKRWFXWGHWHFWLRQLVWKHNH\DQGLWVDOJRULWKPVDQGLGHDVFDQEHXVHG
IRURWKHUVWHSVLWVKRXOGIRFXVRQ
0HWKRGVEDVHGRQFRORUIHDWXUHV7HPSODWHPDWFKLQJPHWKRGFRUUHVSRQGLQJWRWKHSL[HOPHWKRG
7HPSODWHPDWFKLQJ LV WKHGLIIHUHQFHEHWZHHQ WZRFRUUHVSRQGLQJSL[HOV DQGDV WKHDEVROXWHYDOXHRI WKH
LQWHUIUDPHGLIIHUHQFHZKHQ WKH LQWHUIUDPHGLIIHUHQFH LV JUHDWHU WKDQD WKUHVKROG W WKHQ WKLQNVRI WKH OHQV
VZLWFK7KHGLVDGYDQWDJHRIWHPSODWHPDWFKLQJPHWKRGGXHWRFORVHO\OLQNHGZLWKWKHSL[HOORFDWLRQ
2IIVRVHQVLWLYHWRQRLVHDQGPRYHPHQWRIREMHFWVHDVLO\OHDGWRIDOVHLGHQWLILFDWLRQ&KLDQJ&KDQJHWDO
>@SURSRVHGWRHDFKIUDPHLVGLYLGHGLQWRîSL[HOVXEEORFNVDQGHDFKEORFNLVDYHUDJHGWKHQWKHDYHUDJH
RIWKHFRUUHVSRQGLQJVXEEORFNVDURXQGWKHIUDPHWRFRPSDUHWKLVPHWKRGRIVPDOOQRWVHQVLWLYHWRQRLVHDQG
PRYHPHQW
+LVWRJUDP
+LVWRJUDPPHWKRGLVXVHGPRVWRIWKHLQWHUIUDPHGLIIHUHQFHFDOFXODWLRQPHWKRGWKHSRVLWLRQLWORVWFRORU
LQIRUPDWLRQ DQG WKHUHIRUH LPPXQH WR QRLVH WKDQ WKH WHPSODWH PDWFKLQJ VWUHQJWK 7KH GLVDGYDQWDJH RI WKH
FRORUKLVWRJUDPPHWKRGLVWKDWWKHWZRLPDJHVPD\EHHQWLUHO\GLIIHUHQWEXWVLPLODUKLVWRJUDPFDQHDVLO\OHDG
WRIDOVHLGHQWLILFDWLRQ$QLPSURYHGPHWKRGLVWRGLYLGHWKHLPDJHLQWRVHYHUDOVXEEORFNVVHSDUDWHO\IRUHDFK
VXEEORFNPDWFKLQJ$1DJDVDNDDQG<7DQDND>@SURSRVHGDYLGHRIUDPHLVGLYLGHGLQWRîVXEEORFNV
RIWKHVDPHVL]HDQGFRPSDUHWKHFRUUHVSRQGLQJVXEEORFNPHWKRG2WKHULPSURYHPHQWVKDYH;KLVWRJUDP
PDWFKLQJPHWKRG >@ DQG6ZDQ EHUJ HW DO >@ XVLQJ D WHPSODWHPDWFKLQJPHWKRG DQG WKH&RPELQDWLRQ RI
KLVWRJUDPPDWFKLQJPHWKRG
0HWKRGVEDVHGRQHGJH%HFDXVHZKHQWKHVKRWFXWWKHHGJHRIWKHROGDQGQHZVKRXOGEHLQDGLIIHUHQW
ORFDWLRQVRZHFDQILUVWH[WUDFWWKHHGJHVRIWKHWZRLPDJHVWRFDOFXODWHWKHQHZHGJHLQWKHROGHGJHSL[HOV
EDVHGRQWKHUDWLRRILQFUHDVHDQGGHFUHDVHZKHQODUJHDWDFHUWDLQWKUHVKROGZLOOEHGHHPHGWRDULVHWKHOHQV
VZLWFK7KHGLVDGYDQWDJHLVFRPSXWDWLRQDOO\LQWHQVLYHWKHHGJHLVQRWDSSDUHQWZKHQWKHSRRU
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2SWLFDOIORZGHWHFWLRQ&KLDQJ&KDQJHWDO>@DOVRSURSRVHGRSWLFDOIORZGHWHFWLRQPHWKRGWKHPHWKRGLV
EDVHGRQWKHOHQVZKHQWKHOLJKWVZLWFKWKHIORZZKLOHWKHOHQVPRYHPHQWVKRXOGEHWDLORUHGWRDSDUWLFXODU
W\SH RI RSWLFDO IORZ ,W ZLOO VZLWFK ZLWK WKH JUDGLHQW WR GLVWLQJXLVK WKH PRYHPHQW RI WKH OHQV EXW WKH
FDOFXODWLRQLVFRPSOH[DQGYDULHVJUHDWO\LQWKHFDVHRIOLJKWGHWHFWLRQIDLOXUH
0HWKRGV EDVHG RQPRGHO+DPSDSXU HW DO > @ WKURXJK WKH VWXG\ RI WKH YLGHR SURGXFWLRQ SURFHVV ZH
SURSRVHVKRWERXQGDU\GHWHFWLRQIRUYLGHRHGLWLQJPRGHO7KHGLVDGYDQWDJHLVWKDWWKHPRGHOLQJSURFHVVPRUH
FRPSOH[WKHQHHGIRUHDFKW\SHRIVZLWFKPRGHO7KLVPHWKRGLVVXLWDEOHIRUDUHDVRIH[SHUWLVH
0HWKRGVEDVHGRQFRPSUHVVHGGRPDLQ'&LPDJHLVWKHRULJLQDOLPDJHîWKHDYHUDJHLWFRQWDLQVWKH
RULJLQDOLPDJHRIWKHEDVLFJOREDOLQIRUPDWLRQDQGKDVDFRPSUHVVLRQSURFHVVIDVWHUDQGPRUHIHDWXUHV&DQ
VWDUWWRH[WUDFW'&LPDJHRIHDFKIUDPHDQGWKHQLQWHUIUDPHGLIIHUHQFHPHWKRGIRUWHVWLQJ
&KLDQJ&KDQJHWDO>@$FFRUGLQJWRVWDWLVWLFVIRXQGDWWKH%3FRQYHUVLRQOHQVIUDPHPRWLRQYHFWRUVLQWKH
QXPEHURI OHVVHIIHFWLYHVR\RXFDQH[WUDFW WKHVHIUDPHVQRQFRPSUHVVHGYLGHRHGJHGHWHFWLRQPHWKRGIRU
VKRWERXQGDU\GHWHFWLRQ
>@([WUDFWHG IURP WKHYLGHRVWUHDPPDFUREORFNPRWLRQYHFWRU WKHPDFUREORFNPRWLRQYHFWRU VLPLODULW\
DQGWKHLULQYHUVHO\SURSRUWLRQDOWRWKHVLPLODULW\RIIUDPHVWDNHQE\WKHVLPLODULW\RIWKHDYHUDJHPDFUREORFN
REWDLQHG>@ZLOOEHDVLPLODUGHJUHHRIHDFKIUDPHDUHQRUPDOL]HGDQGIRUPXODWKHUHVXOWLVWKHZHLJKWHG
VXP RIPXOWLIUDPH VLPLODU WR WKH GHJUHH WKH UHVXOWV FDQ WDNH UHODWLYHO\ VLPSOH WR GHWHUPLQH WKH WKUHVKROG
UHGXFLQJWKHFRPSXWDWLRQDOFRPSOH[LW\PXOWLIUDPHZHLJKWHGUHGXFHIDOVHDODUPVEXWLQHIIHFWLYHIRUJUDGLHQW
GHWHFWLRQ
7KHGLVDGYDQWDJHRIWKHVHPHWKRGVWKHFXUUHQW03(*FRPSUHVVLRQDOJRULWKPLVGDWDRULHQWHGUDWKHUWKDQ
IRUYLGHRFRQWHQW UHSUHVHQWDWLRQ:LWKFRQWHQWEDVHGFRGLQJVWDQGDUG03(*DQGPXOWLPHGLDFRQWHQW WKDW
EHFRPHWKHLQWHUQDWLRQDOVWDQGDUG03(*WKHDERYHSUREOHPZLOOEHVROYHG
2QHDSSURDFKLVWRXVHRQO\WKHYLGHRVWUHDPWRGHWHFWWKH,IUDPHLWLVQRWYHU\KLJKDFFXUDF\IRUGHWHFWLQJ
WKHGHPDQG$QRWKHUZD\LVWRILQGODUJHGLIIHUHQFHVLQWKHWZRDGMDFHQW,IUDPHVDWWKHVZLWFKDVDSRVVLEOH
OHQVWKHQWZRIUDPHV%DQG3IUDPHVWRGHWHUPLQHWKHH[DFWORFDWLRQRIWKLVPHWKRGPRUHDFFXUDWH3URVDQG
FRQVRIERWKPHWKRGVDUHVXEMHFWWRWKHLPSDFWRIFRGLQJDOJRULWKPV
,PSURYHG VHYHUDO $OJRULWKPV&KLDQJ&KDQJ HW DO >@ SURSRVHG D GXDOWKUHVKROG FRPSDULVRQ:KHQ WKH
WZRLQWHUIUDPHGLIIHUHQFHLQWKUHVKROGEHWZHHQGDQGGWKH\EHJDQWRWKLQNWKDWWKHSRWHQWLDOJUDGLHQWWKH
GLIIHUHQFHEHJDQWRDFFXPXODWHXQWLO WKHFXPXODWLYHDQGWKDW WKHUHLVDJUDGLHQWJUHDWHU WKDQGWLPHZKHQ
WKHLQWHUIUDPHWLPHWKDWWKHJUDGLHQWLVOHVVWKDQGHQG7KLVPHWKRGRIJUDGLHQWGHWHFWLRQKDVDJRRGHIIHFW
EXWWKHVORZPRYHPHQWRIWKHOHQVPD\VWLOOUHVXOWLQIDOVHLGHQWLILFDWLRQ
<HR %/ >@ SURSRVHG VOLGLQJ ZLQGRZ GHWHFWLRQ )LUVW WR EH WHVWHG DV D FHQWHU RI WKH IUDPH WR RSHQ D
ZLQGRZFDOFXODWHWKHIUDPHDQGDGMDFHQWIUDPHVRIWKHLQWHUIUDPHGLIIHUHQFHLIWKHGLIIHUHQFHLVJUHDWHUWKDQ
WKHZLQGRZIUDPHRIWKHGLIIHUHQFHEHWZHHQDOORWKHUIUDPHVDQGDGLIIHUHQFHJUHDWHUWKDQWKHVHFRQGODUJHVW
PXOWLSOHRIWKDWVZLWFKRFFXUV
:LWKGRXEOHZLQGRZPHWKRG>@FDQEHIXUWKHULPSURYHGWRUHGXFHWKHVHDUFKYROXPHILUVWVHOHFWDODUJH
ZLQGRZWDNLQJWKHDYHUDJHZLOOEHJUHDWHUWKDQDFHUWDLQPXOWLSOHRIWKHPHDQGLIIHUHQFHDVDFDQGLGDWHIRU
VKHDU IUDPH WKHQ WKH FDQGLGDWHFHQWHUHG IUDPH VKHDU7DNH D VPDOOZLQGRZ WR GHWHFW WKH VSHFLILF ORFDWLRQ
/DUJHZLQGRZVWRDYRLGIDOVHDODUPVDQGUHGXFHWKHVHDUFKYROXPHVPDOOZLQGRZWRDYRLGODUJHPRYHPHQWV
FDXVHGE\XQGHWHFWHG
6HOHFWNH\IUDPHVIURPWKHOHQV
7KHNH\IUDPHDOVRFDOOHGRQEHKDOIRIWKHIUDPHLVXVHGWRGHVFULEHWKHNH\LPDJHDOHQVIUDPHLWXVXDOO\
UHIOHFWVWKHPDLQHOHPHQWVRIDOHQV7KHXVHRINH\IUDPHVJUHDWO\UHGXFHVWKHDPRXQWRIYLGHRGDWDLQGH[LQJ
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EXW DOVR IRU WKH VHDUFK DQG EURZVH YLGHR SURYLGHV DQ RUJDQL]DWLRQDO IUDPHZRUN .H\ IUDPH H[WUDFWLRQ
SULQFLSOHLV'RQRWDEXVHUDWKHUVKRUW.H\IUDPHVHOHFWLRQPHWKRGVDUHWKHIROORZLQJFDWHJRULHV
0HWKRGVEDVHGRQWKHOHQV$IWHUDYLGHRLVGLYLGHGLQWRWKHOHQVWKHILUVWIUDPHRIHDFKVKRWRUWKHILUVW
IUDPHDQG ODVW IUDPH DV WKH NH\ WR WKH OHQV IUDPH7KHPHWKRG LV UHODWLYHO\ VLPSOH UHJDUGOHVV RI KRZ WKH
FRQWHQWRIWKHOHQVWKHNH\IUDPHVDUHDFHUWDLQQXPEHURUEXWWKHHIIHFWLVQRWYHU\VWDEOHEHFDXVHHDFK
VKRWWKHILUVWIUDPHRUODVWIUDPHPD\QRWDOZD\VEHDEOHWRUHIOHFWWKHPDLQFRQWHQWRIWKHOHQV
0HWKRGVEDVHGRQFRQWHQWDQDO\VLV7KLVPHWKRGLVEDVHGRQHDFKIUDPHRIFRORUWH[WXUHDQGRWKHUYLVXDO
LQIRUPDWLRQWRH[WUDFWWKHNH\IUDPHFKDQJHVZKHQWKLVLQIRUPDWLRQFKDQJHVVLJQLILFDQWO\WKHFXUUHQWIUDPH
WRIUDPHDVDNH\&KLDQJ&KDQJHWDO>@EDVHGRQWKHVLJQLILFDQWFKDQJHVEHWZHHQIUDPHVWRVHOHFWPXOWLSOH
NH\IUDPHVWKHILUVWVKRWRIWKHILUVWIUDPHDVDNH\IUDPHDQGWKHQFDOFXODWHWKHSUHYLRXVNH\IUDPHDQGWKH
UHPDLQLQJ IUDPHV RI WKH GLIIHUHQFH LI GLIIHUHQFH LV JUHDWHU WKDQ D WKUHVKROG WKHQ VHOHFW D NH\ IUDPH 7KLV
DSSURDFKFDQFKDQJHWKHFRQWHQWRIWKHOHQVWRVHOHFWWKHDSSURSULDWHQXPEHURINH\IUDPHVEXWWKHVHOHFWHG
IUDPH LV QRW QHFHVVDULO\ UHSUHVHQWDWLYH RI VLJQLILFDQFH EXW DOVR LQ D FDPHUDPRYHPHQW HDV\ WR VHOHFW WRR
PDQ\NH\IUDPHV
)UDPHDYHUDJLQJDQGKLVWRJUDPDYHUDJHPHWKRG >@ VWDWLVWLFV IRUDOO IUDPHVRUKLVWRJUDPDYHUDJHSL[HO
YDOXHZKLFKHYHULVFORVHVWWRWKHDYHUDJHRIWKHIUDPHDVWKHUHSUHVHQWDWLYHIUDPH
0HWKRGVEDVHGRQPRWLRQDQDO\VLV:ROI>@E\RSWLFDOIORZDQDO\VLVWRFDOFXODWHWKHOHQVRIWKHH[HUFLVH
WDNH SDUW LQ WKH H[HUFLVH WR VHOHFW WKH NH\ IUDPH DW WKH PLQLPXP LW UHIOHFWV WKH VWLOO YLGHR GDWD YLGHR E\
FDPHUD SRVLWLRQ LQ D QHZ UHVLGHQFH RU WKURXJK WKH FKDUDFWHUV VKRUW VWD\ RI D PRYHPHQW WR HPSKDVL]H WKH
LPSRUWDQFHRILWVRZQ:ROI
VDQDO\VLVRIWKLVPRWLRQEDVHGPHWKRGFDQEHVHOHFWHGDFFRUGLQJWRWKHVWUXFWXUH
RI WKH OHQVFRUUHVSRQGLQJQXPEHURINH\ IUDPHV ,I WKH ILUVW LPDJHRIPRYLQJREMHFWV IURP WKHEDFNJURXQG
UHPRYHGDQGWKHQFDOFXODWHWKHORFDWLRQRIWKHREMHFWRSWLFDOIORZFDQDFKLHYHEHWWHUUHVXOWV
6\QWKHVLVRIDOOWKHOHQVPRYHPHQWFRQYHUWHGLQWRDV\QWKHWLFVSOLFLQJIUDPHDVDNH\IUDPH
0HWKRGV%DVHGRQ&OXVWHULQJ&OXVWHUH[WUDFWLRQILUVWFODVV WRGHWHUPLQHDQ LQLWLDOKHDUW WKHQ WKHFXUUHQW
IUDPHDQGWKHGLVWDQFHIURPWKHKHDUW WRGHWHUPLQHWKHFODVVLVFODVVLILHGDVVXFKRUDVDQHZFODVVRIKHDUW
DQG WKHQ VKRW LQ WKH IUDPH WR WDNH DOO NLQGVRI FODVVLILFDWLRQ IURP WKH FODVV LQ WKH KHDUW RI WKHPRVW UHFHQW
IUDPHVDVNH\IUDPHV,QDGGLWLRQ=KDR>@SURSRVHGDIHDWXUHEDVHGRQWKHUHFHQWOLQH1HDUHVW)HDWXUH/LQH
1)/RIWKHHQGSRLQWGHWHFWLRQDOJRULWKPLVXVHGWRVHOHFWNH\IUDPHV7KHPDLQSULQFLSOHRIWKLVPHWKRGLV
WKHSRLQWRIFRQQHFWLRQZLWKFHUWDLQFKDUDFWHULVWLFVFKDUDFWHULVWLFOLQHDSSUR[LPDWLRQDQGRQEHKDOIRIDOOWKH
FKDUDFWHULVWLFVRIDFODVVVDPSOHWUDFNVDQGWKHVHIHDWXUHSRLQWVLVWKHNH\IUDPHV
&RQVWUXFWVDVFHQHRUJURXSIURPWKHYLGHRVWUHDP
&DOFXODWH WKH VLPLODULW\EHWZHHQ WKH OHQVHV DFWXDOO\PRUHNH\ IUDPHV VHOHFW WKH DSSURSULDWH FOXVWHULQJ
DOJRULWKP IRU DQDO\VLV.H\ IUDPHV LQ FKURQRORJLFDO RUGHU DQG WKH GHJUHH RI VLPLODULW\ FDQ EH GLYLGHG LQWR
VFHQHV>@RURQO\E\WKHVLPLODULW\RINH\IUDPHJURXS
)HDWXUH([WUDFWLRQ
$IWHUWKHYLGHRLVGLYLGHGLQWRWKHOHQVRIHDFKOHQVZLOOIHDWXUHH[WUDFWLRQWRJHWDVKRWDVIXOO\DVSRVVLEOH
WR UHIOHFW WKHFRQWHQWRI WKH IHDWXUH VSDFH WKH IHDWXUH VSDFHZLOO VHUYHDV WKHEDVLV IRUYLGHRFOXVWHULQJDQG
UHWULHYDO )HDWXUH H[WUDFWLRQ LQFOXGLQJ WKH NH\ IHDWXUHV RI WKH YLVXDO IUDPH DQG OHQV PRYHPHQW IHDWXUH
H[WUDFWLRQ
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&RORU)HDWXUH
&RORU LV WKH PRVW VLJQLILFDQW IHDWXUHV RI WKH LPDJH FRPSDUHG ZLWK RWKHU FKDUDFWHULVWLFV FRORU
FKDUDFWHULVWLFV FDOFXODWLRQ LV VLPSOH VWDEOH IRU WKH URWDWLRQ WUDQVODWLRQ VFDOH FKDQJHV DUH QRW VHQVLWLYH
VKRZLQJDVWURQJUREXVWQHVV&RORUIHDWXUHVLQFOXGHFRORUKLVWRJUDPGRPLQDQWFRORUDQGDYHUDJHOXPLQDQFH
>@2QHPDMRUDGYDQWDJHRIWKHFRORUDQGDYHUDJHEULJKWQHVVRILPDJHVLPLODULW\PDWFKLQJLVYHU\URXJKEXW
WKH\ FDQ VHUYH DV D UHWULHYDOPHWKRGRI FRDUVHOHYHO VHDUFK WKH UHVXOWV RI WKH LQYHVWLJDWLRQ UHXVHRI FRDUVH
VXEEORFNGLYLVLRQRIPDWFKLQJFRORUKLVWRJUDPIRUIXUWKHUGHWDLOHGLQYHVWLJDWLRQ7REHDEOHWRIRFXVRQODUJH
VFDOH LPDJH GDWD IDVW VHDUFK 6PLWK DQG&KDQJHZKR SURSRVHG WKH FRQFHSW RI FRORU VHWV ILUVW5%* FRORU
VSDFHFRQYHUVLRQIRUWKHVDPHYLVXDOVSDFH+69DQGWKHQWRTXDQWLI\WKHFRORURIWKHPFRORUVHWLVGHILQHGDV
WKHTXDQWL]HGFRORUVSDFHLQDFKRLFHRIFRORUV%HFDXVHFRORUVHWIHDWXUHYHFWRULVELQDU\DQGWKHUHIRUHFDQ
FRQVWUXFWDELQDU\WUHHIRUIDVWVHDUFKHV
7H[WXUH)HDWXUH
7KHHDUO\V+DUDOLFNZKRSURSRVHGWKHFRRFFXUUHQFHPDWUL[WH[WXUHIHDWXUHVUHSUHVHQWDWLRQQDPHO\
WKH XVH RI WH[WXUH LQ JUD\VFDOH VSDWLDO FRUUHODWLRQ WKH ILUVW LPDJH SL[HOV DFFRUGLQJ WR WKH GLUHFWLRQ DQG
GLVWDQFH WR FRQVWUXFW D FRRFFXUUHQFH PDWUL[ DQG WKHQ URVH IURP PHDQLQJIXO VWDWLVWLFV DV WH[WXUH IHDWXUH
UHSUHVHQWDWLRQ 7KH GLVDGYDQWDJH LV WKDW WKHVH GHPRJUDSKLF FKDUDFWHULVWLFV DQG ZDV QRW RQ WKH YLVXDO
SHUFHSWLRQRIWH[WXUHIHDWXUHVFUHDWHDPDSSLQJEHWZHHQ6RPDQ\SHRSOHPDGHWKHWH[WXUHFKDUDFWHULVWLFVRI
RWKHUPHWULFV LQFOXGLQJ7DPXUD
V WH[WXUH IHDWXUH VHWZHOOZLWK WKH FRUUHVSRQGLQJ KXPDQ YLVXDO SHUFHSWLRQ
WKHVHIHDWXUHVLQFOXGHURXJKQHVVFRQWUDVWGLUHFWLRQDOLW\OLQHOLNHGHJUHHUHJXODULW\URXJKGHJUHH2QHRIWKH
PRVWLPSRUWDQWIHDWXUHVLVWKHWH[WXUHURXJKQHVVFRQWUDVWDQGGLUHFWLRQDOLW\
,Q DGGLWLRQ PDQ\ UHVHDUFKHUV EHJDQ WR DSSO\ WKH ZDYHOHW WUDQVIRUP WH[WXUH IHDWXUH UHSUHVHQWDWLRQ
0DQMXQDWKDQGRWKHUVRIWKHWKUHHZDYHOHWWUDQVIRUPDQJOHWUHHVWUXFWXUH*DOERZHUHFRPSDUHGDQGIRXQG
*DOERZDYHOHWWUDQVIRUPPRVWRIWKHKXPDQYLVXDOFKDUDFWHULVWLFVRIWKHH[SUHVVLRQ
6KDSHIHDWXUH
6KDSH DQDO\VLV ILUVW QHHG WR XVH WKH DSSURSULDWH LPDJH VHJPHQWDWLRQ DOJRULWKP WR VHSDUDWH WKH GLIIHUHQW
REMHFWVRXWIURPLPDJHVDQGWKHQPHDVXUHDYDULHW\RIPHWKRGVWRPDWFK6KDSHRIWKHIHDWXUHUHSUHVHQWDWLRQ
RI DQ LPSRUWDQW FULWHULRQ LV D UHTXLUHPHQW IRU WUDQVODWLRQ URWDWLRQ VFDOLQJ LQYDULDQFH XVXDOO\ EDVHG RQ WKH
VKDSH RI WKDW ERXQGDU\ DQG FDQ EH GLYLGHG LQWR WZR FDWHJRULHV EDVHG RQ UHJLRQ 7KH\ DUH )RXULHU >@
GHVFULEHG DQGPRPHQW LQYDULDQWV >@ SUHVHQWDWLRQ IHDWXUHV LQ DGGLWLRQ WR QHZ UHVHDUFK GLUHFWLRQV DQG WKH
HODVWLF GHIRUPDWLRQ RI WKH WHPSODWH ERXQGDU\ RULHQWDWLRQ KLVWRJUDP 7KHUH DUH UHFHQW H[SUHVVLRQV &KDPIHU
PDWFKLQJ>@%RUJHUIRV&KDPIHUPDWFKLQJDOJRULWKPSURSRVHGOHYHODQG:DOODFHDQG0LWFKHOOVXJJHVW WKDW
WKHORFDOVKDSHRI'VKDSHDQDO\VLVDOJRULWKPVH[SUHVVLRQ
6SRUWVIHDWXUH
0RYHPHQWLVFKDUDFWHUL]HGE\DQLPSRUWDQWIHDWXUHRIWKHYLGHRFDPHUDZKLFKUHIOHFWVWKHFKDQJHLQWLPH
GRPDLQYLGHRLVXVHGWRUHWULHYHWKHYLGHRH[DPSOHRIWKHLPSRUWDQFHRIFRQWHQW0RWLRQDQDO\VLVPHWKRGVDUH
EDVHGRQRSWLFDOIORZHTXDWLRQPHWKRGEORFNEDVHGPHWKRGSL[HOUHFXUVLYHPHWKRGVDQG%D\HVLDQPHWKRGV
>@HWFEXWWKHVHPHWKRGVDUHFRPSXWDWLRQDOO\LQWHQVLYH7KXV7RQRPXUDHWDO>@SURSRVHGDPHWKRGRI;
UD\WRPRJUDSK\DQDO\VLVWKHHQWLUHYLGHRVHTXHQFHDORQJWKHWLPHD[LVVOLFHVOLFHLPDJHVIURPWKHDQDO\VLVRI
PRYHPHQW3DWHODQG6HWKL>@SURSRVHGWKHXVHRI03(*%DQG3IUDPHVLQWKHPRWLRQYHFWRUWRDYRLGWKH
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RSWLFDOIORZDQGEORFNPDWFKLQJ7KHPHWKRGXVHVWKHPRYHPHQWRIWKHPDFUREORFNWRJHWDQLQHFRPSRQHQW
IHDWXUHYHFWRUWKHQWKLVIHDWXUHYHFWRUWRGHWHUPLQHWKHPRYHPHQWRIWKHOHQV&KLDQJ&KDQJHWDO>@ZLWKWKH
FDOFXODWLRQ RI WKH DYHUDJH EULJKWQHVV RI HDFK IUDPH ZLWKLQ WKH OHQV DQG WKH PDLQ FRORU RI WKH PHDQ DQG
YDULDQFHDVDPHDVXUHRIWKHVL]HRIWKHOHQVSK\VLFDODFWLYLW\LQWKHQHZVYLGHRREWDLQHGJRRGUHVXOWV
2WKHU
2WKHUIHDWXUHVDUHREMHFWRULHQWDWLRQUHODWLRQVKLSEHWZHHQWKHIHDWXUHSRLQWVLHPHHWFHUWDLQUHTXLUHPHQWV
VXFKDVSRLQWVVXFKDVWKHLQWHUVHFWLRQRIWKHFXUYHEDVHGRQREMHFWLYHFKDUDFWHULVWLFVWKHSUHVHQWVWXG\OHVV
9LGHRUHWULHYDODQGEURZVLQJ
,Q WKH YLGHR VWUHDP WR H[WUDFW WKH NH\ IUDPHV DQG OHQVHV IRU IHDWXUH H[WUDFWLRQ EXW DOVR WR HVWDEOLVK WKH
FKDUDFWHULVWLFVRIYLGHREDVHG LQGH[7KURXJK WKH LQGH[ \RXFDQNH\ IUDPHEDVHG IHDWXUHVRUEDVHGRQ WKH
G\QDPLF FKDUDFWHULVWLFV RI WKH OHQV RU D FRPELQDWLRQ RI ERWK ZLOO EH RQ YLGHR UHWULHYDO DQG EURZVLQJ ,Q
FRQWHQWEDVHGUHWULHYDOLVDQDSSUR[LPDWHPDWFKVWHSZLVHUHILQHPHQWF\FOHLQFOXGLQJGHVFULSWLRQRIWKHLQLWLDO
TXHU\VLPLODULW\PDWFKLQJUHWXUQVWKHUHVXOWDGMXVWVIHDWXUHVKXPDQFRPSXWHULQWHUDFWLRQUHWULHYDOIHHGEDFN
VWHSXQWLOWKH\DUHVDWLVILHGZLWKWKHXVHU
VTXHU\UHVXOWV
5HWULHYDOEDVHGRQNH\IUDPHV
9LGHRIUDPHZDVDEVWUDFWHGDVDNH\ WKHVHDUFKEHFRPHVDFFRUGLQJWRVRPHVLPLODULW\ZLWKWKHTXHU\WR
UHWULHYH WKH GDWDEDVH GHVFULEHG LQ D VLPLODU NH\ IUDPHV &RPPRQO\ XVHG PHWKRG LV WR TXHU\ WKH WDUJHW
FKDUDFWHULVWLFGHVFULEHGE\GLUHFWDQGE\YLVXDOTXHU\LQVWDQFHH[DPSOHTXHU\5HWULHYDOWKHXVHUFDQDOVR
VSHFLI\DSDUWLFXODUVHWRIIHDWXUHV,IWKHUHWULHYHGNH\IUDPHWKHXVHUFDQXVHWKHSOD\HUWRYLHZYLGHRFOLSV
WKDW LW UHSUHVHQWV%URZVLQJ FDQ IROORZ WR UHWULHYH DV D WHVW WR UHWULHYH WKH FRQWH[W RI WKHNH\ IUDPHERUGHU
OLQNV%URZVLQJFDQDOVRLQLWLDOL]HWKHTXHU\WKDWLVZKHQEURZVLQJWKHXVHUFDQVHOHFWDQLPDJHWRWKHLPDJH
TXHU\LVVLPLODUWRDOOWKHNH\IUDPHV
5HWULHYDOEDVHGRQG\QDPLFOHQV
%DVHGRQWKHPRYHPHQWRIWKHOHQVDQGWKHPDLQFKDUDFWHULVWLFVRIWKHWDUJHWWRUHWULHYHWKHYLGHRFDPHUDLV
DTXHU\IXUWKHUUHTXHVW2SHUDWLRQVWKDWFDQEHXVHGWRTXHU\WKHFDPHUDOHQVWKHGLUHFWLRQDQGPDJQLWXGHRI
PRYHPHQWFDQEHXVHGWRUHWULHYHWKHPRYHPHQWRIWKHPDLQFKDUDFWHULVWLFVRIWKHWDUJHW,QWKHTXHU\FDQDOVR
EHDNH\IUDPHPRWLRQFKDUDFWHULVWLFVDQGIHDWXUHVFRPELQHWRUHWULHYHWKHG\QDPLFFKDUDFWHULVWLFVZLWKVLPLODU
FKDUDFWHULVWLFVEXWGLIIHUHQWVWDWLFFDPHUD
9LGHREURZVLQJ
)RU YLGHR EURZVLQJ DQG UHWULHYDO RI D FOHDU SXUSRVH LV HTXDOO\ LPSRUWDQW9LHZ WKH YLGHR QHHG WR KDYH
UHSUHVHQWDWLRQ DW WKH VHPDQWLF OHYHO VRPH VFKRODUV KDYH SURSRVHG D VFHQH WUDQVLWLRQ JUDSK 67*ZLWK WKH
FRQFHSWRIDGLUHFWHGJUDSKRIQRGHVWKDWVFHQHZKLOHWKHFRQYHUVLRQRIWKDWWLPH7KURXJKWKHVLPSOLILFDWLRQ
RI 67* WKH OHQV FDQ EH UHPRYHG LV QRW LPSRUWDQW WR JHW D FRPSDFW UHSUHVHQWDWLRQ RI YLGHR $V D VLPSOH
VHPDQWLF LQIRUPDWLRQ IURP LPDJHV REWDLQHG IURP D YHU\ GLIILFXOW VRPH DFDGHPLFV KDYH VXJJHVWHG D
FRPELQDWLRQRIYLGHRLPDJHVYRLFHDQGWH[WLQIRUPDWLRQ
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6HDUFKDQGIHHGEDFNRIYLGHR
,PSOHPHQWDWLRQ LQ WKH VHDUFK LQ DGGLWLRQ WR WKH XVHRI YLVXDO IHDWXUHV IRU LPDJH UHWULHYDOZHPXVW DOVR
FRQVWDQWO\ EDVHG RQ XVHU IHHGEDFN WR OHDUQ WR FKDQJH WKH WKUHVKROG UHVHDUFK WR DFKLHYH KXPDQFRPSXWHU
LQWHUDFWLRQXQWLOLWUHDFKHVWKHXVHU
VVHDUFKUHTXHVW
+RZ WR GHILQH ZKHWKHU WKH WZR DUH VLPLODU YLGHR DUH VWLOO XQUHVROYHG LVVXHV OLPLWLQJ WKH VFRSH RI
DSSOLFDWLRQUHWULHYDOV\VWHP$QGEHFDXVHRIWKHFRPSOH[LW\RIYLGHRFRQWHQWGLIIHUHQWXVHUVLQWKHUHWULHYDO
SURFHVVHYHQIRUWKHVDPHYLGHRWKHIRFXVPD\EHGLIIHUHQWDQJOHVRWKHUHFHLYLQJXVHUIHHGEDFNWKHXVHUFDQ
EHVDWLVILHGZLWKWKHUHVXOWVRIWKHTXHU\RSWLPL]DWLRQUHVXOWVKLJKOLJKWLQJWKHQHHGVRIXVHUV,QDFRPELQDWLRQ
RISV\FKRORJLFDOFKDUDFWHULVWLFVRIKXPDQYLVLRQEDVHGRQ WKHVLPLODULW\PHDVXUH LQWURGXFHVDPRGHORI WKH
YLGHRIURPWKHFDPHUDYLGHRDQGRWKHUOHYHOVWRGHWHUPLQHDYDULHW\RIYLVXDODQJOHWRPHDVXUHWKHVLPLODULW\
EHWZHHQ WKH YLGHR$QG RQ WKLV EDVHG RQ WKH QXPEHU RI SDUWLFOH VL]H IURP  WKH OHQV OHYHO DQG YLGHR OHYHO
UHWULHYDO IHHGEDFNPHWKRG7KHZKROHSURFHVV LV DXWRPDWLF EDVHGRQ IHHGEDFN IURPXVHUV WKH IOH[LELOLW\ WR
RSWLPL]HWKHVHDUFKUHVXOWV
&RQFOXVLRQV
&RQWHQWEDVHG YLGHR UHWULHYDO WHFKQRORJ\ LV D FRPSUHKHQVLYH LQWHJUDWHG WHFKQRORJ\ VRPH RI LWV NH\
WHFKQRORJLHVVXFKDVVKRWERXQGDU\GHWHFWLRQNH\IUDPHH[WUDFWLRQIHDWXUHH[WUDFWLRQUHVHDUFKKDVPDGHVRPH
SURJUHVVEXWGXHWRYDULRXVWKHRULHVDQGUHODWHGWHFKQRORJLHVLVQRWSHUIHFWVRWKHUHDUHPDQ\LVVXHVWKDWQHHG
IXUWKHUVWXG\
$V YLGHR FRQWHQW ULFKQHVV DQG FRPSOH[LW\ DV ZHOO DV SHRSOH
V VXEMHFWLYH HYDOXDWLRQ RI YLGHR FRQWHQW
PDNLQJ LW GLIILFXOW WR UHWULHYH WKH SHUIRUPDQFH RI WKH SURV DQG FRQV RI D XQLIRUP VWDQGDUG7KLV LV &%95
UHVHDUFK LQRQHGLUHFWLRQ&XUUHQWO\ WKHPDLQXVHRIPXOWLPHGLD LQIRUPDWLRQ UHWULHYDO LQ WZR LQGLFDWRUV WKH
UHFDOOUDWHUHFDOODQGDFFXUDF\SUHFLVLRQGHILQHGDV
UHFDOO FRUUHFWFRUUHFWPLVVHG
3UHFLVLRQ FRUUHFWFRUUHFWIDOVH3RVLWLRQ
5HIHUHQFHV
>@<&KHQ(.:RQJ$XJPHQWHGLPDJHKLVWRJUDPIRULPDJHDQGYLGHRVLPLODULW\VHDUFK63,(̚
ˈ
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